Abstract. MicroRNAs (miRNAs) play crucial roles in the initiation and progression of various cancers, including melanoma. Recently, the genetic variants and deregulation of miR-605 have been reported to participate in carcinogenesis. However, the expression status of the miR-605 in melanoma tissues and its role in melanoma progression remain unknown. In this study, we found that miR-605 was significantly downregulated in melanoma cell lines and clinical specimens. Further function studies demonstrated that miR-605 suppressed melanoma cell growth both in vitro and in vivo. Moreover, INPP4B gene was identified as a target of miR-605 through bioinformatics analysis and luciferase reporter assays. Further analysis demonstrated that the inhibition of INPP4B mediated SGK3 activation was required for the suppressive role of miR-605 on melanomas cell growth. Collectively, our data suggest that miR-605 functions as a tumor suppressor by negatively regulating INPP4B mediated SGK3 activation in melanoma and may present a potential target for therapeutic intervention.
Introduction
Melanoma, a cancer derived from melanocytes, is the most aggressive skin cancer and responsible for 80% of skin cancerrelated deaths (1) . According to a report from American Cancer Society, there are an estimated 76,380 new cases of melanoma and 10,130 melanoma-related deaths in the United States in 2016 (2) . In China, it is estimated that approximately 3,200 Chinese individuals died from melanoma in 2015 (3) . The identification of activating mutations in BRAF has led to the development of targeted therapies to treat melanoma patients bearing these mutations. However, although patients exhibit an initial response to targeted therapies, a majority of them finally develop recurrences due to onset of acquired drug resistance (4) . Therefore, there is an urgent need to elucidate the molecular basis of melanoma development and progression to facilitate the development of an effective strategy to treat this disease.
INPP4B was initially characterized as an inositol polyphosphate phosphatase hydrolyzing PtdIns(3,4)P2 to PtdIns(3)P. As the intracellular PI(3,4)P2 is required for the full activation of Akt, a critical oncogene in various cancers, INPP4B can restrain the PI3K/Akt signaling (5) . Recently, INPP4B was shown to play a tumor suppressor role in variety of cancers, including lung, prostate, bladder and melanocytic cancers (6) (7) (8) (9) . The tumor suppressive mechanism of INPP4B has been attributed to its negative regulation role in PI3K/Akt signaling. Nevertheless, increasing evidence is accumulating that INPP4B has an oncogene role. INPP4B was reported to be overexpressed in acute myeloid leukemia (AML) and high levels of INPP4B are predictive of poor clinical outcome and chemoresistance (10) . In a subset of breast cancers with low Akt, INPP4B mediated SGK3 activation drives tumorigenesis (11, 12) . These studies demonstrate that the role in carcinogenesis is cell type-and context-dependent. In melanoma, one recent study showed that INPP4B is overexpressed in melanoma tissue and functions as an oncogenic driver through activating SGK3 kinase (13) . SGK3, a member of the AGC family of kinases, possesses certain shared substrates with Akt and is also activated by PI3K involving PDK1 and mTORC2 (14) . Similar to Akt, abnormal activation of SGK3 is implicated in the induction and progression of multiple cancers, such as breast cancer, prostate cancer, glioblastoma and hepatocellular carcinoma (15) (16) (17) (18) . More recently, SGK3 was reported to contribute to the development of melanoma as a key mediator of PDK1 activity (19) .
MicroRNAs (miRNAs), a class of small non-coding RNAs, can modulate gene expression at the post-transcription level by enhancing mRNA degradation or repressing mRNA translation through binding to the 3'-untranslated region (3'-UTR) of its target mRNA. Accumulating evidence demonstrates that miRNAs participate in various cellular processes, including cell proliferation, migration, apoptosis and differentiation (20) . Due to the crucial role of miRNAs in these biological processes, their aberrant expression is involved in the initiation and progression of numerous cancers. miRNAs can function as either oncogenes or tumor suppressors, depending on their target genes. In human melanoma, oncogenic miRNAs, such as miR-148, miR-182 and miR-221, were reported to be upregulated in melanoma and increase tumor progression (21) (22) (23) . In contrast, miRNAs, including miR-101, miR-137 and miR-200c, are downregulated in melanoma and exhibit tumor-suppressive roles (24) (25) (26) .
miR-605 was first identified as a positive regulator of p53 activity through repressing the expression of mdm2, which targets p53 for degradation (27) . Growing evidence demonstrate that the genetic variants or deregulation of miR-605 participates in carcinogenesis. The genetic variants of miR-605 has been reported to be associated with the susceptibility of various cancers, including gastric cancer, prostate cancer and lung cancer (28) (29) (30) . miR-605 was shown to be downregulated in intrahepatic cholangiocarcinoma specimens and repress tumor progression by directly targeting PSMD10 (31) . However, the role of miR-605 in melanoma is still unknown. In this study, we provide evidence that miR-605 is down regulated in melanoma cells and tissues and suppresses melanoma cell growth and tumorigenesis. Moreover, we show that the tumor suppressor role of miR-605 is mediated by its direct repression of INPP4B expression, which leads to the inactivation of SGK3 kinase.
Materials and methods
Antibodies and reagents. Antibodies against NDRG1, pNDRG1 (T346) and pSGK3 (Thr320) were purchased from Cell Signaling Technology (Beverly, MA, USA). Antibodies from Santa Cruz Biotechnology (Santa Cruz, CA, USA) included INPP4B, SGK3 and tubulin. Chemically synthesized miR-605 mimics and antagomiR-605 were obtained from RiboBio (Guangzhou, China).
Tissue samples. This study was approved by the ethics committee of the Affiliated Hospital of Guiyang Medical University. Tissue samples used for this study were obtained with informed consent from the participants at the affiliated hospital of Guiyang Medical University. Pathology of the tissue samples was confirmed, and then frozen in liquid nitrogen.
Cells and cell culture. HEMn-MP cells were cultured in Medium 254 (Cascade Biologics, Portland, OR, USA) containing human melanocyte growth supplement (HMGS; Life Technologies, Carlsbad, CA, USA). All the melanoma cell lines were maintained in Dulbecco's modified Eagle's medium (DMEM; Invitrogen, Carlsbad, CA, USA) containing 5% fetal calf serum (FCS; Gibco-Life Technologies). Cells were grown in a 37˚C incubator at 5% CO 2 .
To generate Mel-RM cells stably overexpressing miR-605, cells were infected with Lentivirus-harboring hsa-miR-605 (GeneChem Co., Shanghai, China) and selected by treatment with 1 μg/ml puromycin (Sigma-Aldrich, St. Louis, MO, USA) for 10 days.
Quantitative real-time PCR. miRNA was isolated using a mirVana miRNA isolation kit (Ambion, Carlsbad, CA, USA) according to the manufacturer's suggestions. Expression of miR-605 was measured with the PrimeScript miRNA RT-PCR kit (Takara, Dalian, China) and the level of U6 was used as an endogenous control. The forward primer for miR-605 is: 5'-TGCGGTAAATCCCATGGTGCCTTC-3'; the reverse primer for miRNAs is the UnimiRqPCR Primer (Takara). The forward primer for U6 is: 5'-GCGCGTCGTGAAGCGTTC-3'; the reverse primer for U6 is 5'-GTGCAGGGTCCGAGGT-3'.
Total RNA was extracted using TRIzol (Invitrogen, Grand Island, NY, USA) and reverse-transcribed into cDNA with M-MLV Reverse Transcriptase (Promega, Madison, WI, USA). The qRT-PCR was performed in an ABI 7500 system using a Takara SYBR RT-PCR kit (Takara) and the level of β-actin mRNA was used as an endogenous control. The primer sequences were as follows: INPP4B (forward: 5'-CCCCGG GTACTGAGGCTTCG-3'; reverse: 5'-CTTTGTATTCTCTC CCGGAGGCG-3'); β-actin (forward: 5'-GCACAGAGCCTC GCCTT-3'; reverse: 5'-GTTGTCGACGACGAGCG-3'). Cell proliferation assays. Transfected melanoma cells were plated in 96-well plates (2,000 cells/well). Cell proliferation was determined using Cell Counting Kit-8 (CCK-8) (Dojindo Laboratories, Tokyo, Japan) according to the manufacturer's instructions. Assays were performed in triplicate, and the results are presented as means ± standard deviation (SD).
Colony formation assay. Transfected melanoma cells were seeded in a 6-well plate (2,000 cells/well) containing DMEM/5% FBS medium. Cells were allowed to grow for two weeks and then fixed with methanol and stained with 0.5% crystal violet solution. The colony numbers were measured using ImageJ (MD, USA). Assays were performed in triplicate, and the results are presented as means ± standard deviation (SD).
Soft agar assay. The cells were seed in a layer of 0.35% agarose containing RPMI-1640/10% FBS medium at 5,000 cells per well, which was on top of a base layer of 0.5% agarose in 6-well culture plates. Two weeks after plating, colonies were photographed and counted under a light microscope.
Cloning and luciferase reporter assay. The wild-type or mutant INPP4B 3'-UTR was cloned into pGL3 luciferase reporter plasmid (Promega) following the manufacturer's instructions. All constructs were validated by sequencing.
The cells were plated into 24-well plates (3x10 4 cell/per well). The following day, pGL3 luciferase reporter plasmid with the wild-type or mutant INPP4B 3'-UTR was co-transfected into melanoma cells along with miR-605 mimics or antagomiR-605 using Lipofectamine 2000 (Invitrogen). The cells were harvested 48 h post-transfection and luciferase activities were measured with the Dual-Luciferase Reporter Assay system (Promega) according to the manufacturer's suggestions. The pRL-TK vector was used as an internal control. Assays were performed in triplicate and results are presented as means ± standard deviation (SD).
Western blotting. Western blotting was performed as previously described (32).
In vivo tumorigenesis assay. Five-week-old male BALB/c nude mice were obtained from the Animal Center for Vitalriver (Beijing, China). To measure the role of miR-605 overexpression on the tumor growth, Mel-RM cells stably overexpressing miR-605 or control cells in 0.1 ml OptiMEM were subcutaneously injected into the right flank of nude mice, respectively. To detect the effect of miR-605 inhibition on the tumorigenic ability of melanoma cells, SK-MEL-28 cells were subcutaneously injected into the right flank of nude mice. When the tumor reached an average volume of 100 mm 3 , the nude mice bearing tumor were randomly divided to 2 groups (n=6/group) according to tumor volumes and body weights and received intratumoral injection of antagomir-605 (10 nM of antagomir-605 diluted in 50 µl PBS) or antagomir-NC for 3 weeks (three times per week). Tumor growth were monitored at indicated times.
Statistical analysis. Statistical analysis was performed with the unpaired Student's t-test using the SPSS 17.0 software (SPSS, Chicago, IL, USA). The data are presented as mean ± standard deviation (SD). P-values of <0.05 were considered statistically significant.
Results

miR-605 is significantly downregulated in melanoma cells and tissues.
To explore the significance of miR-605 in the initiation and progression of melanoma, we first determined the expression of miR-605 in a panel of BRAF/NRAS wildtype (SK-MEL-31, ME4405, WM1321 and Me1007), NRAS mutant (Mel-RM, SK-MEL-2, SK-MEL-103 and WM1366) and BRAF mutant (Mel-RMU, WM278, A375, MM200 and SK-Mel-28) melanoma cell lines. The results show that miR-605 exhibits various expression levels in three types of melanoma cell lines. Although miR-605 expression was significantly lower in melanoma cell lines compared to melanocyte cell line, there was no significant difference in the three types of melanoma cell lines (Fig. 1A) .
Next, we investigated whether miR-605 is downregulated in clinical melanoma samples. The abundance of miR-605 was examined in 73 clinical samples, including nevi (n=31), nevi (n=31), BRAF/NRAS wild-type melanomas (n=11), NRAS mutant melanomas (n=10) and BRAF mutant melanomas (n=21). In agree with the results in cell lines, the expression of miR-605 in three types of melanomas was markedly decreased compared with that in nevi. However, miR-605 expression exhibited no statistical difference in three types of melanomas clinical samples (Fig. 1B) . Together, our data demonstrate that miR-605 is significantly downregulated in melanoma cells and tissues but shows no correlation with the mutational status of melanoma cell lines or the clinical specimens, suggesting the miR-605 may play a potential role in the initiation and progression of melanomas. Furthermore, we examined the expression levels of miR-605 in 73 clinical samples.
Upregulation of miR-605 suppresses the growth of melanoma cells. The reduced expression of miR-605 in melanomas
indicates that it may function as tumor suppressor. To access the role of miR-605, the miR-605 mimics were transfected into Mel-RM and ME4405 cells, which expressed relatively low levels of miR-605 (Fig. 1A) . As shown in Fig. 2A , the expression of miR-605 in Mel-RM and ME4405 cells was significantly increased by miR-605 mimics transfection. CCK8 assays showed that ectopic expression of miR-605 resulted in a significant inhibition in the growth of both Mel-RM and ME4405 cells (Fig. 2B) . Furthermore, the clonogenic potential of Mel-RM and ME4405 cells was markedly suppressed upon miR-605 overexpression (Fig. 2C) . Soft agar assays demonstrated that Mel-RM and ME4405 cells expressing miR-605 both exhibited substantially decreased anchorage-independent growth ability (Fig. 2D ). These observations indicated that enforced expression of miR-605 inhibited the growth of melanomas cells in vitro, and we next detected the effect of miR-605 overexpression on the growth of melanoma cells in vivo. Mel-RM cells stably overexpressing miR-605 were established and injected into the flanks of nude mice. As shown in Fig. 2E , miR-605 overexpression profoundly suppressed the growth of subcutaneous xenograft tumors. Taken together, these findings suggest that miR-605 has a suppressor role in the growth of melanomas cells.
Inhibition of miR-605 promotes the growth of melanoma cells.
To confirm the inhibitory role of miR-605 in the growth of melanoma cells, we next evaluated the impact of miR-605 inhibition on the growth of melanoma cells. To silence the expression of miR-605, Antagomir-605 was transfected into MM200 and SK-MEL 28 cells, which showed relatively higher expression levels of miR-605 compared with Mel-RM and ME4405 cells (Fig. 1A) . As shown in Fig. 3A , antago-miR-605 transfection profoundly reduced endogenous miR-605 expression in both MM200 and SK-MEL 28 cells. CCK8 assays revealed that inhibition of miR-605 significantly promoted the growth of both MM200 and SK-MEL 28 cells (Fig. 3B) . Colony formation assays demonstrated that MM200 and SK-MEL 28 cells transfected with antagomir-605 showed a marked increase in both the size and number of colonies compared to the cells transfected with antagomir-NC (Fig. 3C) . Soft agar assays showed that miR-605 depletion strikingly promoted anchorage-independent growth ability of both MM200 and SK-MEL 28 cells (Fig. 3D) . To validate the in vitro finding that silencing the expression of miR-605 enhanced the growth of melanoma cells, we subsequently determined the effect of miR-605 inhibition on the tumorigenic ability of melanoma cells. SK-MEL-28 cells were injected subcutaneously into nude mice. After two weeks, nude mice bearing tumors were randomly divided to 2 groups and injected with antagomir-605 or negative control for three weeks. As shown in Fig. 3E 
INPP4B is a direct target of miR-605.
To investigate the molecular mechanisms by which miR-605 inhibits the growth of melanomas cells, we searched for its target genes using two bioinformatics tools, miRanda and TargetScan. INPP4B, one of putative target genes of miR-605, attracted our attention due to its oncogenic activity in melanomas reported recently and one possible binding site of miR-605 in its 3'-untranslated region (3'-UTR) (Fig. 4A) . To determine whether miR-605 targets INPP4B, we cloned the 3'-UTR of wild-type and mutant INPP4B (mutations in miR-605 binding sites) into a luciferase reporter plasmid and performed the luciferase activity assay. As shown in Fig. 4B , miR-605 transfection significantly suppressed luciferase activity in both Mel-RM and ME4405 cells, whereas this inhibitory effects was abolished by the mutation of the potential miR-605 binding sequence in the 3'-UTRs of INPP4B, suggesting that INPP4B is a direct target of miR-605. The opposite result was obtained in MM200 and SK-MEL-28 cells transfected with antagomir-605 (Fig. 4C) , revealing that the 3'-UTRs of INPP4B was inhibited by endogenous miR-605.
In addition, western blot showed that ectopic expression of miR-605 suppressed its protein expression in Mel-RM and ME4405 cells, whereas inhibition of endogenous miR-605 increased the expression of INPP4B in MM200 and SK-MEL-28 cells (Fig. 4F and G) . However, miR-605 expression levels did not alter the mRNA expression of INPP4B ( Fig. 4D and E) , suggesting that miR-605 negatively regulates INPP4B expression by repressing its mRNA translation, but not enhancing its mRNA degradation. Taken together, these results suggest that miR-605 negatively regulates the expression of INPP4B through directly targeting its 3'-UTR. To explore the correlation between miR-605 and INPP4B levels in clinical specimens, we collected 10 pairs of nevi and melanomas tissues from the same patients and examined miR-605 and INPP4B protein expression. As shown in Fig. 4H , when the relative expression levels of INPP4B (melanomas/nevi) were plotted against that of miR-605 (melanomas/nevi) in each patient, a significant inverse correlation was found (P<0.0322; r= -0.675). These data indicate that miR-605 downregulation is associated with the increase of INPP4B protein levels in melanomas. 
miR-605 suppresses the growth of melanoma cells by inhibiting INPP4B.
To investigate the functional significance of INPP4B in the growth of melanomas cells suppressed by miR-605, 3' UTR-deleted INPP4B plasmid was introduced into Mel-RM cells transfected with miR-605 mimics, and then cell proliferation and anchorage-independent growth ability of melanomas cells were measured by CCK8 assays and soft agar growth assay, respectively. As shown in Fig. 5A-C, miR-605 mimics transfection suppressed proliferation of Mel-RM cells and resulted in decreased anchorage-independent growth ability, whereas introduction with INPP4B plasmid rescued the phenotypic alteration caused by miR-605 overexpression. To confirm that INPP4B is a functional target of miR-605, we next detected the impact of INPP4B silencing on antagomir-605-mediated promotion of proliferation and anchorage-independent growth ability of melanomas Fig. 5D -F, MM200 cells transfected with antagomir-605 exhibited markedly increased cell proliferation and anchorage-independent growth ability, whereas INPP4B knockdown abrogated the increase. Taken together, these results suggest that miR-605 suppresses the growth of melanomas cells by inhibiting INPP4B.
cells. As shown in
The inhibition of SGK3 activity is crucial for the suppressive role of miR-605 on melanoma cell growth.
Given that one recent study demonstrated that SGK3 activation was critical for INPP4B-mediated melanoma cell proliferation (13) and the above results revealed that INPP4B is a functional target of miR-605, we presumed that the inhibition of SGK3 activity may mediate the suppressive role of miR-605 on melanomas cell growth. To test this hypothesis, we first detected the effect of miR-605 expression levels on the activity of SGK3. As shown in Fig. 6A , miR-605 overexpression in Mel-RM cells inhibited the phosphorylation levels of SGK3 as well as NDRG1, one downstream substrate of SGK3. In contrast, silencing the expression endogenous miR-605 using antagomir-605 significantly enhanced the phosphorylation levels of SGK3 and NDRG1 in MM200 cells (Fig. 6E) , indicating that miR-605 inhibits the activity of SGK3 in melanoma cells. We next explored whether the inhibition of SGK3 activity contributes to the suppressive role of miR-605 on melanoma cell growth. As shown in Fig. 6B-D , introduction of miR-605 mimics led to inhibition of proliferation and anchorage-independent growth ability in Mel-RM cells, which was abolished by co-introduction of exogenous myr-SGK3. Furthermore, the increase of proliferation and anchorage-independent growth ability in Mel-RM cells caused by miR-605 inhibition could be markedly attenuated by SGK3 depletion (Fig. 6F and G) . Taken together, these results suggest that the inhibition of SGK3 activity is crucial for the suppressive role of miR-605 on melanoma cell growth.
Discussion
Increasing evidence demonstrates that miRNAs display altered expression levels in a variety of cancer types and play a key role in the initiation and progression of cancer. Therefore, miRNAs have been extensively investigated to identify novel biomarkers for cancer diagnosis and prognosis and develop effective therapeutic strategy to treat cancer patients. In melanoma, many miRNAs exhibit abnormal expression and are involved in tumor progression. miR-182 was reported to be upregulated in melanoma cell lines and tissues and its expression levels were associated with melanoma progression and malignancy. Moreover, miR-182 contributed to melanoma development through directly targeting FOxO3 (22) . miR-137 was the first identified tumor suppressor in melanoma. miR-137 was downregulated in melanoma and its reduced expression correlated with reduced overall survival in stage IV melanoma patients. miR-137 exerts tumor suppressor role by targeting multiple oncogenes, including c-Met, EZH2, PAK2 and AURKA (25, 33, 34) . miR-605 was originally identified as a positive regulator of P53 through post-transcriptionally repressing the expression of Mdm2, which facilitates rapid accumulation of p53 in response to cellular stress (27) . The studies of miR-605 in cancer mainly focus on the association of the genetic variants in miR-605 with cancer susceptibility. Chen et al reported a decreased risk of breast cancer in miR-605 rs2043556*A allele carriers in Asia (35) . It was shown that AG and GG genotype carriers of miR-605 rs2043556 who has exposure to cooking oil fumes displayed an increased risk of lung cancer compared with AA genotype carriers without exposure to cooking oil fumes (30) . Zhang et al reported that miR-605 AG/GG genotype carriers with the habit of smoke inhalation predicted elevated risk of gastric cancer (28) . Recent studies also revealed the abnormal expression of miR-605 in cancers. miR-605 showed a significantly decreased expression in very high-risk (VHR) prostate cancer patient serum samples when compared with low-risk (LR) prostate cancer patient serum samples (36) . It was reported that miR-605 showed a decreased expression in intrahepatic cholangiocarcinoma (ICC) specimens and suppressed ICC cell proliferation and invasion by directly targeting PSMD10 (31) . However, the expression status of the miR-605 in melanoma tissues and its role in melanoma progression are unclear. In this study, we found that miR-605 showed decreased expression level in melanomas when compared with nevi, suggesting that miR-605 is associated with melanomagenesis and it may act as a tumor suppressor. Further studies revealed that miR-605 inhibited anchorage-dependent and -independent growth of melanoma cells. In addition, in vivo studies demonstrated that miR-605 overexpression caused retardation in melanoma growth in a xenograft model. All these studies indicate that miR-605 exhibits tumor suppressor role in melanomagenesis.
Through in silico algorithms analyses, we identified INPP4B as a putative target. Reporter assays demonstrated that miR-605 inhibited the expression of INPP4B by directly binding to its 3'-UTR. Further analysis showed that miR-605 suppressed the protein expression level of INPP4B, but had little effect on its mRNA expression level, suggesting that miR-605 negatively regulates INPP4B expression by repressing its mRNA translation. Although numerous studies demonstrate that INPP4B acts as a tumor suppressor through inhibition of PI3K/Akt signaling in many types of cancers, recent reports show its oncogenic role in some cancers. INPP4B showed markedly elevated expression in colon cancer tissues when compared with paired adjacent noncancerous colon tissues and its overexpression significantly promoted colon cancer cell proliferation and colon cancer xenograft growth (37) . High levels of INPP4B were observed in acute myeloid leukemia patient samples and predicted poor clinical outcome (10) . A recent study pointed to INPP4B as an essential effector of oncogenic PIK3CA activated breast cancer (12) . In particular, INPP4B was recently reported to be highly expressed in melanoma and to promote proliferation of melanoma cells (13) , suggesting an oncogenic role of INPP4B in melanoma. Our results showed that enforced expression of INPP4B effectively reversed reduced cell proliferation and anchorage-independent growth caused by miR-605 overexpression, indicating the functional significance of INPP4B in mediating the tumor suppresser role of miR-605 and further confirming the oncogenic role of INPP4B in melanoma. Whether miR-605 and INPP4B show the reciprocal expression in clinical melanoma tissues remains to be clarified.
The activation of SGK3 is controlled by cellular PtdIns(3)P, which binds to the N-terminal Px domain of SGK3 and mediates its translocation to early endosomes for phosphorylation by its upstream PDK1 kinase (14) . Therefore, INPP4B mediated PtdIns(3)P generation may contribute to the activation of SGK3. SGK3 has been reported to mediate the oncogenic role of INPP4B in many cancers, including lung cancer, breast cancer and melanoma (6, 12, 13) . In either melanoma cell lines or fresh melanoma isolates with various levels of INPP4B, the phosphorylation levels of SGK3 are positively correlated with the expressing levels of INPP4B. INPP4B depletion significantly inhibited the phosphorylation levels of SGK3 and cell proliferation in melanoma cells and introduction of an active form of SGK3 (myr-SGK3) can abolished the suppressive effect of INPP4B knockdown on melanoma cell proliferation, revealing SGK3 activation is essential for INPP4B-induced melanoma cell proliferation. As we have validated that miR-605 suppresses the growth of melanoma cells by inhibiting INPP4B, we speculated that miR-605 might affect the activation of SGK3. Our results showed that miR-605 overexpression profoundly inhibited the phosphorylation levels of SGK3 and its target NDRG1, which verified our hypothesis.
Further studies demonstrate that co-introduction of exogenous myr-SGK3 markedly attenuated suppression of proliferation resulting from miR-605 overexpression, suggesting that the inhibition of SGK3 activity is required for miR-605-mediated melanoma cell growth suppression. A recent report showed that SGK3 could activating mTORC1 signaling through phosphorylating TSC2 (38) . As mTORC1 signaling plays a critical role in the initiation and progression of melanoma and contributes to the development of resistance to BRAF inhibitors (39) , it would be of interest to investigate the association of miR-605 repression with mTORC1 signaling activation and the resistance to anti-BRAF therapies in melanoma.
In summary, in the present study we present evidence that miR-605 functions as a tumor suppressor by repressing INPP4B expression and SGK3 activity in melanoma progression. miR-605 was significantly downregulated in melanoma cells and tissues and suppressed the growth of melanoma cells in vitro and in vivo. Although additional studies are required to address the mechanism involved in the reduced expression of miR-605, our results indicate that miR-605 provide novel insight into molecular basis regulating melanoma malignancy and are helpful to develop novel therapeutic approach to treat melanoma patients.
